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Evaluation of Lubricants for R410A/R407C Applications in Scroll Compressor 
ABSTRACT 
Sonny G. Sundaresan 
Copeland Corporation 
Sidney, Ohio, U.S.A. 
HCFC 22 currently used in Air-Conditioning and Heat Pump applications, is being replaced by R407C and 
R410A, both HFC 32 based blends. Scroll compressors are being developed to meet the improved efficiency and 
other system performance requirements in Air-Conditioning and Heat Pump products in North America, Europe and 
Asia-Pacific. Lubricant selection and optimization for compressor and system performance with new HFC 
refrigerant blends are still ongoing. Compressor hardware design improvements are being made to meet the higher 
pressure and different Refrigerant-Lubricant interaction aspects with R410A. Different schools of thoughts are 
offered by lubricant manufacturers to meet contaminant control aspects faced by HFC users in hermetically sealed 
systems. This paper discusses the status of three leading candidate lubricant with R41 OA in scroll compressors 
namely, Mixed Acid POE (MAPOE), Fully Branched Acid POE (FBAPOE) and Polyvinyl Ethers (PVE). 
INTRODUCTION 
Chlorine-free HFC refrigerants are more polar and hygroscopic in comparison to the CFC/HCFC 
refrigerants they are replacing. Polyester lubricants have been successfully applied in domestic refrigeration with 
HFC 134a and in commercial refrigeration with R404AIR507. In the appliance industry, particularly with Rotary 
compressors with challenging lubrication requirements (without the benefit of chlorine from refrigerants), many 
problems have been reported with "sludge" formation and "plugging of capillary tubes" in HFC 134a/POE 
applications. There are three possible causes for this problem: insoluble residual process chemicals, POE lubricant 
degradation products and compressor wear particles. The appliance industry solved this problem by approval of 
process chemicals with HFC refrigerants, moisture control and improved compressor design. Equipment 
manufacturers successfully apply "cap tube clogging screen tesf' to assess risks in a quantifiable manner for 
specific applications (cap tube sizes, operating envelope etc .. ) and to approve chemicals. 
Moisture control of hygroscopic POE lubricant was achieved in storage, handling and assembly operation. 
Use of dry nitrogen purging over storage containers became an industry standard and the use of liquid line filter 
drier was mandated by equipment manufacturers. Proper evacuation procedures are required in installation and 
service to avoid air and non condensable gases. Residual process chemicals are scrutinized and assured not to have 
adverse effect on expansion devices. Many active and insoluble residual chemicals have been eliminated by 
equipment manufacturers. 
In Commercial Refrigeration for reciprocating compressors used with HFC 134a and R404AIR507 
applications, MAPOE lubricants met the compressor reliability and system oil return criteria (1, 2, 3). Additives 
were incorporated to avoid copper plating in poorly controlled applications and provide antiwear and extreme 
pressure functions. The same formulated MAPOE lubricant is also successfully used in scroll compressor 
applications. 
Copeland's experience with HFC 134a and R404AIR507 in commercial refrigeration with fully formulated 
MAPOE lubricant for the past 5 years has been trouble-free operation in the industry with proper service and 
installation procedures for contaminant controL The limited experience with R407C I R41 OA in Air Conditioning 
(A/C) applications is also trouble free. 
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RESULTS AND DISCUSSION 
Air-Conditioning and Heat Pump Scroll compressors offer high efficiency, improved reliability, low noise and 
versatility in air-conditioning and heat pump applications (4). HFC 
refrigerants R410A and R407C are the leading candidates to replace 
HCFC 22. The current challenge is to screen and optimize lubricants 
for scroll compressors for use with R410A and R407C (and select one 
lubricant for both refrigerants) (4, 5, 6, 7)_ The considerations are: (1) 
Best compressor performance with R410A and R407C, (2) Proper oil 
return management in A/C and Heat Pump (HIP) systems, (3) 
Chemically stable and trouble-free system operation and (4) Globally 
available , best cost lubricant 
Figure 1 shows a cross section of AIC Scroll Compressor to 
illustrate the design features involving lubrication. The key design 
components are: (I) Scroll (tips, flank and base), (2) Oldham coupling, 
(3) Drive shaft, (4) Unloader Bushing, (5) Drive Bearing and (6) 
Floating Seal. Table 1. lists the materials used and the wear-couples 
involved. Compressor design improvements have been incorporated in 
scroll compressors to meet the higher pressure of R410A and other 
lubrication related aspects. Table 2 lists the three lubricant candidates 
and their properties (8, 9, 10, 11) and the additives in the formulated 
version of the lubricants. For the MAPOE candidate, a more miscible 
version (MMMAPOE) was selected for HFC-32 containing refrigerant 
blends. The viscosity grade of the three lubricants were selected based 
on the goal of equal or better net viscosity with R41 OA application 
Figure ]_ Schematic of a Scroll Compressor 
envelope relative to our experience with R22 and Mineral Oils (32 and 46 eSt)_ The acid catcher additive (AC) was 
added to improve hydrolytic stability. The oiliness agent was added to provide improved lubricity at low loads, 
particularly for steel-on-aluminum wear couple 
Table 1. Key Wear Components In A Typical Scroll Compressor 
Key Contact Areas Material Mating Surface 
Component 
Scrolls Tips Cast Iron Bases (other scroll) 
Bases Tips (other scroll) 
Thrust Area (Orbiting scroll) Main Bearing Housing 
Thrust Surface 
Oldham Tabs (loaded side) Diecast Aluminum Scroll Key Slots 
Coupling based alloy 
Drive Shaft Flat Heat Treated Carbon Unloader Bushing Flat 
Steel 
Unloader Inner Surface Flat Steel Powder Metal Shaft Drive Flat 
Bushing 
Drive Inner Surface Composite Unloader Bushing OD 
Bearing PTFE/Bronze liner with 
steel backing 
Floating Seal Outer and Inner Lip PTFE based Fixed Scroll 
Top Cap Muffler Plate Carbon Steel Seal Face 
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Table 2. Lubricants and Additives 
Designation Family Viscosity@ VI Antioxidant Acid Catcher Oiliness agent 
40°C 
MMM:APOE More Miscible 32 120 YES YES YES 
Mixed Acid POE 
FBAPOE Fully branched 46 91 YES YES YES 
Acid POE 
PVE Polyvinyl ether 46 75 YES YES YES 
Hydrolysis Candidates one and two are Polyol Esters and they can form organic acids in the presence of 
excess moisture, higher temperatures, contaminants, and other chemicals acting as catalysts. Candidate three is a 
Polyvinyl Ether and does not hydrolyze; its decomposition mechanism is different and its decomposed products are 
not organic acids. The hydrolysis characterization test is conducted in a pressure vessel with 1 Og of oil with 1000 
ppm by weight of moisture, steel coupon as catalyst, at a high temperature of l75°C {347°F); Samples of oil are 
taken at regular time intervals and acidity is measured as Total Acid Number {TAN) by standard ASTM test method 
0974-92. 
Fully branched acid POE lubricants behave differently than MAPOE lubricants containing linear acid in 
the initial stages only; however, as can be seen in Figure 2, fully branched POE's do hydrolyze and reach the same 
fmal point of TAN. When all of 1000 ppm of moisture is used up by hydrolysis, the increase in acidity is 3.1 mg 
KOHJg oil. Even then only 1.5% POE is affected and the remaining 98.5% is unaffected. The effect of epoxide 
type acid catcher is clearly illustrated in the results. As can be seen, candidate 1 and candidate 2 with acid catcher 













Hydrolysis (175"C,1000 mg/kg Moisture, Sealed Tube Test) 
A: MMMA POE without AC 
8: FB POE withoutAC 
C: MMMA POE with AC 
D: FB POE with AC 
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Figure 2 Hydrolysis Characterization 
Lubrication Compressor life tests at different test conditions such as Start/Stop, High Load and High 
Compression Ratio were conducted with R410A. Key components (scroll tips, unloader bushing and Oldham 
coupling) were measured at specific location for wear and surface fmish {Figures 3, 4, Sa & Sb) at different time 
intervals. Figures 6 and 7 illustrate typical results of wear and surface fmish respectively with one of the lubricant 
candidates. As seen, the screening criteria were that surface fmish and wear must stabilize within a few hundred 
hours and meet the target (equal or better) value with respect to baseline {R22/MO). Oil samples at different 
intervals were taken to monitor changes in lubricant and potential formation of wear metals. We are continuing our 
tests to get longer term data with these 3 candidates. 
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Figure 3 Sectional View of an Unloader Bushing, 
Showing Surface Finish Measurement Locations 
Figure 4 Sectional View of an Oldham Coupling, Showing Surface Finish 
Measurement Locations 






Figure 6 Wear Vs. Time in a Life Test 
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Figure 5a Wear Measurement Locations on Scroll Tips 
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Figure 7 Surface Finish Vs. Time in a Life Test Figure 5b Suiface Finish Measurement Locations on Scroll Tips 
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Oil Return A 5 ton Heat Pwnp with an accwnulator using a scroll compressor ZP53K was tested in cooling 
mode with R410A to characterize the oil leaving the compressor and returning back to the compressor. The system 
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" ..._.Full Charge Oil Levelfor5ton R410AScroll A:. MMMA POEIR410A 
~ 3.00 -,, compressor B: FB POE I R410A 
::. 
2 75 
, C: PVEI R410A 
_8 · __.Full Charge Oil Level for 5 ton R22 Scroll Compressor 0: MO I R22 
~ 2.50 .1 
.:E 2.25 
"' ~ :too 1 
0 ' 









0,00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 
lime (Minutes) 
Figure 8 Oil Loss and Return in System Test 
9.00 10.00 
consisted of a 32ft (9.8 m) long liquid line 
with 0.5'' (1.2 em) tube , 50 ft (15.2 m) 
long suction line with 1.125" (2.9 em) 
tubing. The condenser was at ground level 
and the evaporator was 26 feet (7.9 m) 
above ground level. A compressor with 2 
sight glasses and a sight tube was used to 
record the level of the oil versus time. The 
compressor was started with full 
refrigerant floodback, which causes more 
severe oil loss than normal operation. This 
was achieved by letting the condensing 
unit remain at 50°F (I 0°C) overnight 
followed by a warm up to 95°F (35°C) in I 
hour to force the liquid refrigerant into the 
compressor. This simulates an "early 
morning start up". Figure 8 summarizes 
the test results with the three oil candidates 
with R4lOA in comparison to 46 MO with R22. R22 was run in a ZR61K compressor. The three key parameters 
are (1) how much oil left the compressor, (2) how soon did the oil return to the compressor to be well above the oil 
pick up point (1/4" (0.6 em) above from bottom shell) and (3) how close the fmal steady state oil level was to full 
charge leveL As can be seen, all the three lubricants met our criteria (equal or better than R22/MO) 
Cap Tube Plugging Test To ensure chemical stability 
and trouble-free system operation, a Capillary Tube 
Plugging Test is used to screen and approve lubricants 
and process chemicals. A compressor life test stand 
was modified to incorporate four sets of capillary tubes 
(0.036" (0.91 mm) ID and 20" (508 mm) long). A 2 
ton scroll compressor (ZR22K-TF5) was tested with 
R407C with a liquid line filter drier normally used in 
AJC system. This filter drier contained about 180 
grams (6.4 oz.) of Molecular Sieve desiccant. The test 
was conducted at 28.9 kg/cm2g (410 psig) discharge I 
4.2 kg/cm2g suction (60 psig)and 266°F (130°C) 
discharge temperature. This accelerated test was 
conducted with 1000 ppm by weight of moisture and 
1.5% by volwne of air as contaminants. Typical 
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Figure 9 Flow Loss in Capillary Tube Clogging Test 
inhibitors) were also added. The flow restriction in the cap tube was measured using a simple dry nitrogen flow 
measurement device to determine flow loss (as percentage of original) versus time. The tests have been conducted 
with the three candidates. For a candidate to be acceptable, the flow loss must reach an equilibriwn (stable value) 
and be well below industry consensus of I 0% in 2000 hours. As can be seen in Figure 9, the candidates meet the 
criteria. 
SUMMARY 
1. Lubricant selection and optimization for Global NC Scrolls is based on best performance with R41 OA. 
2. Mixed Acid Polyol Ester (32 eSt), and Fully branched Acid Polyol Ester (46 eSt), with acid catcher are 
hydro lyrically stable. PVE does not hydrolyze. 
3. Improvements in Compressor hardware design and proper balance of lubricant structure-property relationships 
are key ingredients for R41 OA systems. 
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Relative Figures Of Merit (10 =Best, 1 ""Worst) 
Type Long Tenn Hydrolytic Hygroscopic Oil Return Base Stock Viscosity 
Stability effect stability Aspects Lubricity index 
32-46 MO I R22 10 10 10 8 10 5-7 
32MMMAPOE 9 8 5 9-10 8 10 
(withAC) 
46HSPOE 9 8 5 9-10 7 8 
(withAC) 
46PVE ?? 10 1 9-10 5 7 
4. The three candidates have successfully met our initial screening for oil return and chemically stable and trouble 
free system operation criteria. Longer term compressor durability tests and evaluation in AJC and HP system 
tests are the next steps with candidate 1 (MMMAPOE w/AC). Candidate 3 (PVE) will continue to be studied 
and optimized with additives for long tenn stability and durability aspects with scroll compressors. 
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